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(57)Abstract: 

PURPOSE: To provide a method where monodispersive spherical silica particles of 0.1-10um average particle diameter and < 
15% fluctuation factor are easily and effectively obtained. 

CONSTITUTION: The method consists of a pretreatment process where an alkoxysilane. alkali adjusted water and organic 
solvent are continuously injected into a prereaction tank and mixed to form a silicic acid-contg. liquid which is hydrolysate of 
the alkoxysilane and a main reaction process where liquid contg. the hydrolysate is continuously fed into a main reaction tank 
holding reaction liquid which the seeds of spherical silica are dispersed in an alkaline organic dispersion medium and the fine 
silica formed by dehydration condensation of the hydrolysate is stuck to the surface of the seeds, causing the particles to grow, 
allowing them to have large diameter. 
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[Claim 1] ** Pour alkoxysilane, an alkali pondage, and an organic solvent in a preliminary reaction tub continuously, and mix. The 
conditioning process used as the liquid containing the silicic acid which is the hydrolyzate of alkoxysilane, ** Supply the liquid 
containing the above-mentioned hydrolyzate continuously in the main reaction tub in which the reaction mixture which made the 
alkaline organic dispersion medium distribute seed of a spherical silica was held. The manufacture approach of a mono dispersion 
spherical silica including the main reaction process which the detailed silica generated by the dehydration condensation reaction 
of the above-mentioned hydrolyzate is made to adhere to the above-mentioned seed's front face, and a particle is grown up, and 
is major-diameter-ized. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Submicron one to a micron unit has a spherical particle size, and the powder of the silica which particle 
size distribution become from a very narrow particle attracts attention as an ingredient suitable for the application to the spacer 
of a liquid crystal display, various kinds of fillers, the filler for chromatographies, precision abrasives, etc. This invention relates to 
the approach of growing up seed of a spherical silica and major-diameter-izing, especially the new approach carry out hydrolysis 
and dehydration condensation polymerization of the alkoxysilane, and mean particle diameter obtains 0.1 thru/or a 10- 
micrometer mono dispersion spherical silica in order to obtain the powder of such a silica. In this specification, mono dispersion 
means that the coefficient of variation (percentage value of the standard deviation of the particle diameter on the basis of mean 
particle diameter) of particle size distribution is 15% or less. 
[0002] 

[Description of the Prior Art] The method of carrying out hydrolysis / dehydration condensation polymerization of the 
alkoxysilane, and obtaining an about 0.05-2-micrometer mono dispersion spherical silica is well-known (69 W. Stober, Journal 
ofColloid & Interface Sci., 26, 62- 1968). It is as follows when this reaction is described taking the case of a tetra-ethoxy silane. 
First, if pH regulators, such as water, aqueous ammonia, etc. of an initial complement, are added and stirred in the raw material 
liquid which diluted the tetra-ethoxy silane with ethyl alcohol and it is made mixed liquor, as shown in the ** 1 following formula, 
it will hydrolyze with the water in addition liquid, and the ethoxy silane in raw material liquid will become a silicic acid and ethyl 
alcohol. Subsequently, if the concentration in liquid of a silicic acid reaches a supersaturating point, as shown in ** 2 formula, 
when a very detailed silica generates by the dehydration condensation polymerization, and this concentrates gradually and major- 
diameter-izes, it will become the spherical silica to which particle size was comparatively equal according to the reaction 
condition. 
[0003] 
[Formula 1] 

Si(OC2H5)4+4H2 O->Si(OH)4+4C2H5OH[0004] 

[Formula 2] Si (OH) 4+->Si02+2H20 [0005] In the meantime, mixed liquor is changed translucent from a transparent condition, 
and transparency reduces it, and it increases whenever [ of nebula ]. 
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TECHNICAL FIELD 



[Industrial Application] Submicron one to a micron unit has a spherical particle size, and the powder of the silica which particle 
size distribution become from a very narrow particle attracts attention as an ingredient suitable for the application to the spacer 
of a liquid crystal display, various kinds of fillers, the filler for chromatographies, precision abrasives, etc. This invention relates to 
the approach of growing up seed of a spherical silica and major— diameter-izing, especially the new approach carry out hydrolysis 
and dehydration condensation polymerization of the alkoxysilane, and mean particle diameter obtains 0.1 thru/or a 10- 
micrometer mono dispersion spherical silica in order to obtain the powder of such a silica. In this specification, mono dispersion 
means that the coefficient of variation (percentage value of the standard deviation of the particle diameter on the basis of mean 
particle diameter) of particle size distribution is 15% or less. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] The method of carrying out hydrolysis / dehydration condensation polymerization of the 
alkoxysilane, and obtaining an about 0.05-2-micrometer mono dispersion spherical silica is well-known (69 W. Stober, Journal 
ofColloid & Interface Sci.. 26. 62- 1968). It is as follows when this reaction is described taking the case of a tetra-ethoxy silane. 
First, if pH regulators, such as water, aqueous ammonia, etc. of an initial complement, are added and stirred in the raw material 
liquid which diluted the tetra-ethoxy silane with ethyl alcohol and it is made mixed liquor, as shown in the ** 1 following formula, 
it will hydrolyze with the water in addition liquid, and the ethoxy silane in raw material liquid will become a silicic acid and ethyl 
alcohol. Subsequently, if the concentration in liquid of a silicic acid reaches a supersaturating point, as shown in ** 2 formula, 
when a very detailed silica generates by the dehydration condensation polymerization, and this concentrates gradually and major- 
diameter-izes. it will become the spherical silica to which particle size was comparatively equal according to the reaction 
condition. 
[0003] 
[Formula 1] 

Si(OC2H5)4+4H2 O->Si(OH)4+4C2H5OH[0004] 

[Formula 2] Si (OH) 4+->Si02+2H20 [0005] In the meantime, mixed liquor is changed translucent from a transparent condition, 
and transparency reduces it, and it increases whenever [ of nebula ]. It is in the condition which became a little translucent 
[ from transparence ] in visible, and it is most difficult for the already very detailed silica to generate, for the opaque silica which 
a large number major- diameter-ized in reaction mixture also in this condition although it was, and carried out and changed into 
the condition of nebula and the opaque silica of a minor diameter thru/or the detailed silica to be somewhat intermingled as it 
concentrates and is major-diameter-ized, and to obtain the mono dispersion spherical silica of the major diameter of 10 
micrometers from this mixed liquor directly. 
[0006] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The approach of growing up a mono dispersion spherical silica particle from the silica kind particle of 
this invention, as above-mentioned By carrying out condensation polymerization on the front face of the silica kind particle which 
distributed in the solvent the hydrolyzate obtained at the conditioning process which makes alkoxysilane hydrolyze, and this 
process, and carrying out by dividing the main reaction process into which a particle is grown up Mean particle diameter is 0.1-10 
micrometers, and since coefficient of variation can obtain easily the particle of 15% or less of mono dispersion spherical silica 
efficiently compared with a conventional method, it is useful on industry. 



[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] The purpose of this invention cancels the above-mentioned fault seen by the 
conventional manufacturing technology, and is in the range whose mean particle diameter is 0.1-10 micrometers, and coefficient 
of variation is about 1 5% or less of spherical silica to offer [ easy and ] the new manufacture approach which can be acquired to 
stability. 

[Translation done.] 
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MEANS 



[Means for Solving the Problem] As a result of repeating research for this invention persons to attain said purpose, the above- 
mentioned fault seen by the conventional seed grown method In order to drop serially raw material liquid, and water and the 
addition liquid for pH adjustment containing the alkoxysilane of a small amount, to supply them separately into reaction mixture 
and to hydrolyze alkoxysilane in reaction mixture. In having stirred reaction mixture by the usual stirring actuation, it was 
surmised that it was because it is hard to mix at the mass whole reaction mixture with the above-mentioned raw material liquid 
and each addition liquid equally. And by experiment, when based on the conventional seed grown method, the particle growth by 
the join aggregate to seed of the detailed silica by the condensation polymerization following a hydrolysis reaction in the reaction 
mixture in a top Norikazu tub and this which the condition of new silica generation became heterogeneous locally, consequently 
was generated confirmed heterogeneity-izing locally. 

[0010] then, as a result of examining the solution means of the above-mentioned technical problem, this invention persons saw 
that the following approach was effective, it was in them, and they resulted in broth this invention. That is, the solution principle 
of this invention avoids that the hydrolysis reaction of alkoxysilane and the growth of seed to add carry out a concurrency in the 
reaction mixture of one tub as much as possible, and is to make it make it carry out by dividing both in a separate location. It 
succeeded in it being stabilized easily and obtaining an expected mono dispersion spherical silica by carrying out by dividing into 
a separate process, without making these two processes coexist within 1 tub. 

[0011] The description of this invention which was based on this solution principle pours continuously ** alkoxysilane, an alkali 
pondage, and an organic solvent into a claim in a preliminary reaction tub as a publication, and is mixed. 
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EXAMPLE 




[Example] Below, the suitable example of this invention is explained with the example of a comparison. 

(Example 1) With vertical ellipse tubed, in order to give the hasty action prevention function of liquid to the interior, with the 
micro tube pump, the ethanol solution which contains an ethoxy silane 1.6 mol/l. and the ethanol solution 25vol(s).% Containing 
the aqueous ammonia of pH12.5 were poured the rate for 0.25ml/, respectively, and it stirred and mixed from the upper part of 
the preliminary reaction tub (capacity of 10ml) which equipped vertical axes with the stirring rod furnished with two or more level 
wings. pH of this mixed liquor is 11.9 and solution temperature is 20 degrees C. The residence time in a tub of pouring liquid is 1 
minute, and the ethoxy silane in liquid ends a necessary reaction, becomes a uniform hydrolysis solution, i.e., a silicic-acid 
solution, and it reaches the lower part of a preliminary reaction layer in the meantime. On the other hand, in the main reaction 
layer (capacity of 11.), diluent powder is carried out to 100ml of alkaline ethanol solvents containing ammonia, and it has held so 
that it may become 6x1013 numbers [/I ] concentration about the silica monodisperse particle of the mean particle diameter of 
0.343 micrometers, and 9% of coefficient of variation beforehand obtained by hydrolysis and condensation polymerization of 
alkoxysilane. 

[0019] Subsequently, the particle growth from a seed particle was made to perform by carrying out dropping supply of the 
solution containing the silicic acid obtained from the lower tap hole of a preliminary reaction tub by the above-mentioned 
hydrolysis continuously at a main reaction tub, and carrying out stirring mixing with the alkaline organic solvent (temperature; 10 
degrees C) which distributed seed of the silica in a main reaction tub. 
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